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57] ABSTRACT

A bus switching structure and a computer using the same,
wherein input/output (I/O) slot connections are switched to
a desired I/0 bus so that loads are distributed evenly over the
I/0O buses. The bus switching structure includes a switching
unit and switching controller. The switching unit 1s located
interposingly between an I/O slot and a plurality of I/O
buses. The switching unit either connects or disconnects the
I/0 slot to or from each of the I/O buses 1n accordance with
a switching signal. The switching controller outputs the
switching signal to cause the switching unit to connect the
I/O slot to one of the I/O buses and to disconnect the I/0 slot
from any of the other I/O bus, thereby effecting connection
switchover between the I/O slot and the I/O buses.

13 Claims, 5 Drawing Sheets
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BUS SWITCHING STRUCTURE AND
COMPUTER

BACKGROUND OF THE INVENTION

The present 1nvention relates to a bus switching structure
and a computer using the bus switching structure. More
particularly, the invention relates to techniques adapted
advantageously to control connection of input/output (I/0O)
slots for use with Peripheral Component Interconnect (PCI)
buses.

Computer systems, such as workstations and servers,
increasingly are adopting a dual PCI bus arrangement to
address high-speed processing requirements. An aim of
implementing such a dual PCI bus arrangement 1s to dis-
tribute the loads evenly on the I/O buses thereof to enhance
the performance of the entire computer system. This type of
bus arrangement used on local buses 1n a computer system
1s discussed and 1llustrated in detail on pp. 70-71 1n “The
Latest PC Technologies” (Supplement to Nikkei Byte, a
Japanese publication from Nikkei BP Co., Jun. 21, 1994).

The publication describes features of the PCI bus.

Investigations and experiments of such bus arrangements
led to the discovery of some problems specific to the dual PC
bus arrangements 1ntended for I/0 bus load distribution. The
major problems are as follows:

One problem occurs where each of a plurality of I/O
devices 1s connected fixedly to one of two PCI buses. Thus,
cither of the PCI buses will tend to be more heavily
burdened with loads depending on the frequency of use and
duration of use of the particular PCI bus to which the I/0O
devices are connected then the other PCI bus. The unbal-
anced loads prevent the computer system from reaching its
full potential.

Another problem occurs when, in accordance with actual
use conditions, an operator attempts to rearrange the 1/0 slot
connections to the PCI buses so that the two PCI buses will
be used 1n a balanced manner. This, however, requires the
operator to have specilalized knowledge of computer
hardware, particularly the disassembling of the enclosure of
the computer system and the rearranging of cable connec-
tions. Further, rearranging I/0 slot connections to balance
the loads on the PCI busses takes time and effort. Worse, an
error or mistake made during the rearrangement can disable
the computer system or destroy its parts.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a bus
switching apparatus and a computer for use with the bus
switching apparatus which changes 1/0 slot connections to
a desired 1I/O bus simply and 1n a short time depending on
load fluctuations during actual use, such that loads are
evenly distributed over I/O buses and the throughput of the
computer 1s enhanced significantly.

In carrying out the mnvention and according to one aspect
thereof, there 1s provided a bus switching structure including
a switching unit and a switching controller. The switching
unit 1s located interposingly between an I/O slot and a
plurality of I/O buses. The switching unit either connects or
disconnects the I/O slot to or from each of the I/O buses 1n
accordance with a switching signal. The switching controller
output the switching signal to cause the switching unit to
connect the I/0 slot to one of the I/O buses and to disconnect
the I/O slot from any other 1I/O bus, thereby effecting
connection switchover between the I/O slot and the I/O
buses.
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According to another aspect of the invention, there 1s
provided a computer having a plurality of I/O buses, an 1I/0
slot, and a bus switching apparatus for connecting the I/0O
slot to one of the I/O buses. The bus switching apparatus
includes a switching unit located interposingly between the
I/0 slot and the I/O buses. The switching unit either connects
or disconnects the 1/0 slot to or from each of the I/O buses
in accordance with a switching signal. The bus switching
apparatus also mncludes a switching controller which outputs
the switching signal to cause the switching unit to connect
the I/0 slot to one of the I/O buses and to disconnect the /0O
slot from the 1I/0O bus, thereby effecting connection switcho-

ver between the 1/0 slot and the I/O buses.

With any of the inventive structures above, the switching
controller need only perform switching operations of the
switching unit to change the 1/0 slot connection to a desired
I/O bus easily and 1n a short time.

According to a further aspect of the invention, there is
provided a computer having a plurality of I/O buses, at least
two I/0 slots, and a bus switching apparatus for connecting
the I/O slots to one of the I/O buses. The bus switching
apparatus includes a plurality of switching units located
interposingly between each of the I/O slots and the I/0O
buses. Each switching unit either connects or disconnects
onc of the I/O slots to or from one of the I/O buses 1n
accordance with a switching signal. The bus switching
apparatus also imncludes a switching controller which outputs
the switching signal to cause the switching units to connect
cach of the 1I/0 slots to one of the I/O buses and to disconnect
the I/0 slots from the 1I/0 bus, thereby effecting connection
switchover between the I/O slots and the I/O buses.

With the 1nventive structure above, the switching control-
ler need only carry out switching operations of the switching
units to mcrease or decrease flexibly the number of 1/0 slots
connected to a desired I/O bus.

Any one of the above-described structures of the mnven-
tion permits switching the I/O slot connection to a desired
I/0 bus easily, quickly and flexibly. This helps to increase
the throughput of the computer. The inventive structures
climinate the need for disassembling the computer enclosure
or rearranging cable connections at the time of changing I/0
slot connections. Further there can be no mistakes or errors
when performing rearrangement that would disable the
computer or destroy its parts madvertently 1s eliminated.
Thus, by use of the invention, anyone without specialized
knowledge of computer hardware can perform the switching
of I/O slot connections.

BRIEF DESCRIPTION OF THE DRAWINGS

The scope of the present mnvention will be apparent from
the following detailed description, when taken in conjunc-
tion with the accompanying drawings, and such detailed

description and specific examples, while 1ndicating pre-
ferred embodiments of the mmvention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled 1n the art from this detailed
description, 1n which:

FIG. 1 1s a schematic block diagram of a computer
practiced as the first embodiment of the invention;

FIG. 2 1s a schematic diagram of a switch included 1n the
bus switching controller of the first embodiment;

FIG. 3 1s a block diagram of a computer practiced as the
second embodiment of the invention wherein PCI slots are
switched;

FIG. 4 1s a schematic block diagram of a computer
practiced as a variation of the invention;
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FIG. 5 1s a schematic diagram of switches mcluded 1n the
bus switching controller for the variation of the invention;
and

FIG. 6 1s a table of typical connective states of switches
for the variation of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the invention will now be
described with reference to the accompanying drawings.
First Embodiment

FIG. 1 1s a schematic block diagram of a computer
practiced as a first embodiment of the invention. FIG. 2 1s a
schematic view of a switch included 1n bus switching
controller of the first embodiment.

In the first embodiment, the computer 1 may 1llustratively
be a workstation having a network function. The computer
1 includes four processors CPU 2 through CPU 2c¢. The
CPUs are connected to an SMP bus Bl dedicated to pro-
cessor use. The computer 1 further includes a memory
controller 3 for controlling a main memory of the computer.
The memory controller 3 1s also connected to the SMP bus
B1. In addition, the computer 1 has two PCI buses (I/O
buses) B2 and B3 as well as SMP-PCI bridges 4 and S.
Bridges 4 and 5 carry out signal conversion between the
SMP bus B1 and the PCI buses B2 and B3 respectively to
ensure logical consistency therebetween. The PCI bus B2 1s
connected to the SMP bus Bl via the SMP-PCI bridge 4. The
PCI bus B3 1s connected to the SMP bus Bl through the
SMP-PCI bridge 5.

The computer 1 has PCI slots SL1 through SL3 and SL5
through SL7 to accommodate I/O devices including periph-
crals. The PCI slots SL1 through SL3 are connected to the
PCI bus B2, and the PCI slots SL5 through SL7 are
connected to the PCI bus B3. Furthermore, the computer 1
has switches SW1 and SW2 (making up a switching unit).
The PCI slot (I/O slot) SL4 is connected to either the PCI bus
B2 or B3 via the switch SW1 or SW2.

As shown 1n FIG. 2, the switches SW1 and SW2 are each
a complementary metal oxide semiconductor (CMOS) ana-
log switch that consists only of a transistor T1 (P-channel
MOS transistor), a transistor T2 (N-channel MOS transistor)
and an 1nverter Iva, 1.e., an electronic circuit to invert the
signal mput to the transistor T1. The switching unit of this
construction reduces significantly leak currents and
ON-state resistance.

The computer 1 also includes an EISA bus B4 and a
PCI-EISA bridge 6 that performs signal conversion between
the EISA bus B4 and the PCI bus B2 to ensure logical
consistency therebetween. The EISA bus B4 1s connected to
the computer 1 through the PCI-EISA bridge 6. The com-
puter 1 has EISA slots ESL1 through ESL3 to accommodate
[/O devices such as peripherals. The EISA slots ESL1
through ESL3 are connected to the EISA bus B4.

The computer 1 further includes a signal generator
(switching controller) 7 that generates signals to turn on and
off the conductive state of each of the switches SW1 and
SW2 1n accordance with a predetermined signal input to the
input terminal of each of the switches. The signal generator
7 1s illustratively made up of a switch S1 (mechanical
switching apparatus), a resistor R for limiting currents, and
an 1nverter Iv. One connecting terminal of the resistor R 1s
connected to a power supply.

One connecting terminal of the switch S1 1s connected to
oround potential. The other connecting terminal of the
switch S1 i1s connected to the other connecting terminal of
the resistor R, to the input terminal of the inverter Iv, and to
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the mput terminal of the switch SW1. The output terminal of
the inverter Iv 1s connected to the input terminal of the
switch SW2. The switch S1, resistor R and inverter Iv
constitute the signal generator 7. The signal generator 7
serves as bus switching controller 8. The switches SW1 and
SW2 as well as the bus switching controlling means 8 make
up a bus switching apparatus.

The following 1s a description of the operation of the first
embodiment.

When the settings of the computer 1 are finished, an
operator of the computer carries out benchmark tests to

examine the computer performance 1n two cases: first when
the PCI slot SL.4 1s connected to the PCI bus B2, and second

when the PCI slot SI.4 1s connected to the PCI bus B3.

Described below 1s how to effect the different connections
of the PCI slot SL4:

(1) When the PCI slot SL4 is to be connected to the PCI
bus B2, the operator opens the switch S1. This causes
a High-level signal to be mput to the switch SW1
through the resistor R and a Low-level signal mverted
by the inverter Iv to enter the switch SW2. The switch
SW1 1s turned on when supplied with the High-level
signal, and the switch SW2 1s turned off when supplied

with the Low-level signal. The switch settings connect
the PCI slot SL4 to the PCI bus B2.

(2) When the PCI slot SL4 1s connected to the PCI bus B3,
the operator closes the switch S1. This connects one
connecting terminal of the resistor R to ground
potential, thereby inputting the Low-level signal to the
switch SW1. The High-level signal 1s mput to the
switch SW2 through the mverter Iv. The switch SW1 1s
turned off based on the Low-level signal and the switch
SW2 1s turned on based on the High-level signal. The
switch settings connect the PCI slot SL4 to the PCI bus
B3.

After benchmark tests to determine the balancing of the
loads on the buses have been carried out 1n each of the above
two cases, the operator compares the results and opts for the
setup whose test results are the better of the two cases. For
example, if the benchmark tests have yielded the better
results when the PCI slot SLL4 1s connected to the PCI bus
B2, then the switch S1 1s placed 1n the nonconductive state.
If the benchmark test results have been the better when the
PCI slot SL4 1s connected to the PCI bus B3, the switch S1
1s put 1n the conductive state.

In the manner described, the switch S1 need only be put
in the conductive or nonconductive state 1 order to switch
connection of the PCI slot SL4 to one of the PCI buses B2
and B3 easily and 1n a short time. This allows the computer
1 to be used 1n an optimum working state. Because it 1s not
necessary to perform such work as disassembling of the
computer enclosure and cable connection rearrangements,
there 1s no possibility of the computer 1 being disabled or its
parts being destroyed by operator blunders or foul-ups. An
operator with no specialized knowledge of hardware may set
up the connection of the PCI slot SLL4 1in an optimum state
casily and 1n a short time.

With the first embodiment, the signal generator 7 (FIG. 1)
1s composed of the switch S1, resistor R and inverter Iv. The
switches SW1 and SW2 are turned on and off by operating
the switch S1. Alternatively, the operation of the switches
SWI1 and SW2 may be effected not by hardware manipula-
tion but by providing a flip-flop output signal to turn on and
off the two switches as desired. In the alternative case above,
the tlip-tlop output signal to alternate the switches SW1 and
SW2 1s provided by supplying software to establish a
suitable flip-flop mput signal.
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Second Embodiment

FIG. 3 1s a block diagram of a computer practiced as a
second embodiment of the invention wherein PCI slots are
switched.

In the second embodiment, the computer 1 has a two-bit
flip-flop (acting as a switching controller) FF. The flip-flop
FF 1s connected to the SMP bus Bi1 and controlled by a CPU.

The computer 1 includes a power source D, a decoder DC,
and switches SW3, SW4, SWS5 and SW6 (e.g., CMOS
analog switches). The power source D serves as a power
supply to retain data set 1n the flip-flop FF. The decoder DC
outputs a predetermined signal based on the data output by
the flip-flop FF. The switches SW3 and SW4 constitute one
switching unit, and the switches SW3 and SW6 make up
another switching unit. The flip-flop FF, decoder DC, and
switches SW3 and SW4 form bus switching controller 8a.
The bus switching controller 84 and the switches SW3

through SWé6 constitute a bus switching apparatus.

The computer 1 also includes PCI slots SLS, SL9, SL13,
SL.14, and PCI 1/0 slots SLL10 through SI.12. The PCI slots
SL8 and SL9 are connected to the PCI bus B2. The PCI slots
SL13 and SLL14 are connected to the PCI bus B3. The switch
SW3 1s connected interposingly between the PCI slot SL9
and the PCI slot SL10. The switch SW35 1s connected
interposingly between the PCI slot SLL10 and the PCI slot
SL11.

The switch SW6 1s connected interposingly between the
PCI slot SLL11 and the PCI slot SLL12. The switch SW4 is
connected 1nterposingly between the PCI slot SLL12 and the
PCI slot SLL13. The switches SW3 through SW6 are turned
on and off on the basis of signals output by the decoder DC.

The following 1s a description of the operation of the
second embodiment.

When the setting of the computer 1 1s finished, the
operator 1nitializes the computer by storing information
necessary for the start-up of the computer nto its memory.
With the computer started and placed under actual condi-
tions of use, the operator carries out benchmark tests in four
different cases:

(1) when the switchable PCI slots SL.10 through SL.12 are
all connected to the PCI bus B2,

(2) when the PCI slot SL10 1s connected to the PCI bus
B2 and the PCI slots SLL11 and SLL12 are connected to
the PCI bus B3,

(3) when the PCI slots SLL10 and SLL11 are connected to
the PCI bus B2 and the PCI slot SI.12 1s connected to
the PCI bus B3, and

(4) when the switchable PCI slots SL10 through SL.12 are
all connected to the PCI bus B3. A check 1s made to see
which of the four connective states 1s conducive to the
most elfficient computer performance.

Given the results of the benchmark tests, the operator
chooses the connection setup that has proved to be most
cfiicient. For example, 1t the tlip-tlop FF outputs a value of
“00,” “01,” “10” or “11,” the decoder DC outputs a Low-
level signal corresponding to each value 1n question. Given
any other value from the flip-flop FF, the decoder DC
outputs a High-level signal.

Thus 1f the switch SWS alone is turned off and the other
switches SW3, SW4 and SW6 are turned on, then the PCI
slot SLL10 1s connected to the PCI bus B2 and the PCI slots
SLL11 and SL12 are connected to the PCI bus B3. The
connective states of the PCI slots SL8 through SILL14 estab-
lished ultimately following the benchmark tests, 1.e., the data
of the flip-tlop FF, are held theremn due to power being
supplied to the flip-flop FF (backed up) by the power source
D when the computer 1 1s switched off.
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With the second embodiment, the settings of the flip-flop
FF may be changed by software upon start-up. This allows
the connection settings of the PCI slots SL.10 through SI.12
to be altered easily and 1 a short time so that load fluctua-
tions will be countered 1n a flexible manner.

Alternatively, as illustrated 1n FIG. 4, the switchable PCI
slots SLL10 through SLL12 may be connected by switches
SW7 through SW10 to the decoder DC. This setup allows
the decoder DC to control the connective states of the slots
in the same manner as with the second embodiment. In the
alternative case above, the switches SW7 through SW10
may cach take one of two switching connections J1 and J2
shown 1n FIG. 5 under control of the decoder DC. Suitable
combinations of the switches SW7 through SW10 with their
appropriate connective states allow each of the PCI slots
SL10 through SLL12 to be connected to the desired PCI bus
B2 or B3 as illustrated in the table of FIG. 6.

Although the description above contains many
specificities, these should not be construed as limiting the
scope of the mnvention but as merely providing 1llustrations
of the presently preferred embodiments of this invention. It
1s to be understood that changes and variations may be made
without departing from the spirit or scope of the invention.

For example, although the first and second embodiments
above have been shown using semiconductor switches such
as CMOS analog switches to change PCI slot connections,
mechanical switches such as toggle switches and seesaw
switches may be employed alternatively.

According to the invention:

(1) The connection of switchable I/O slots may be
switched to an optimum I/O bus by a bus switching
controller easily and 1n a short time;

(2) A switching controller including a flip-flop permits
making connection changes by use of software, thereby
allowing anyone without specialized knowledge of
computer hardware 1s thus able to set up easily and
quickly 1I/O slot connections 1n an optimum state; and

(3) The advantages described 1n (1) and (2) above elimi-
nate the need for carrying out the disassembly of the
computer enclosure or the rearranging of cable
connections, thereby removing the possibility of the
computer being disabled or 1ts parts being destroyed by
errors committed during such work, and addressing
load fluctuations on the computer in a flexible manner
to significantly enhance computer throughput.

While the present invention has been described 1n detail
and pictorially in the accompanying drawings, it 1s not
limited to such details since many changes and modification
recognizable to these of ordinary skill in the art may be made
to the mvention without departing from the spirit and scope
of the 1nvention, and all such modifications as would be
obvious to one skilled 1n the art are intended to be included
within the scope of the following claims.

We claim:

1. A computer comprising;

a CPU;
a processor bus which connects the CPU;

first and second bridge circuits, which are coupled to a
processor bus, for transferring a signal between the
processor bus and other busses;

a first input/output (I/O) bus which is connected to the first
bridge circuit;

a second I/0 bus which 1s connected to the second bridge
circuit;

a slot which i1s connected to the first and second I/O
busses;
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a first switch inserted between the slot and the first 1I/0
bus;

a second switch 1mserted between the slot and the second
I/O bus; and

a bus switching control circuit for controlling the first and
second switches to electrically connect the slot to one
of the first and second busses.

2. A computer according to claim 1, wherein the first and
second switches are complementary metal oxide semicon-
ductor (CMOS) switches.

3. A computer according to claam 1, wherein said bus
switching control circuit comprises:

an 1nput circuit for mputting a switching instruction; and

a switching circuit for acting on the first and second
switches according to the instruction.

4. A computer according to claim 3, wherein said input
circuit 1s a mechanical switch.

5. A computer according to claim 3, wherein said input
circuit 1s re-writable memory circuit.

6. A bus switching structure comprising:

a first and a second bus for transferring a signal;

a first slot which 1s connected to the first bus;
a second slot which 1s connected to the second bus;

a third slot which 1s connected to the first and second
busses via switches; and

a bus switching control circuit for controlling the switches
to electrically connect the third slot to one of the first
and second busses.

7. Abus switching structure according to claim 6, wherein

said switches are CMOS switches.

8. A bus switching structure according to claim 6, wherein

said bus switching control circuit comprises:

an 1nput circuit for mputting a switching instruction; and

a switching circuit for acting on said switches according
to the mstruction.
9. Abus switching structure according to claim 8, wherein
said mput circuit 1s a mechanical switch.
10. A bus switching structure according to claim 8,
wherein said mput circuit 1s re-writable memory circuit.
11. A computer comprising;:

a CPU;
a processor bus which 1s connected to the CPU;
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first and second bridge circuits for transferring a signal
between the processor bus and other busses;

an I/O bus which 1s connected to the first and the second

bridge circuits, said I/O bus comprises:

first and second switches,

a first slot disposed between the first bridge circuit and
the first switch,

a second slot disposed between the first and second
switch, and

a third slot disposed between the second switch and the
second bridge circuit; and

a switch control circuit for controlling the first and second
switches such that said second switch operates mnverse
to said first switch.

12. A bus switching structure comprising;:

a bus for connecting first and second bridge circuits, said

bus comprises:

first and second switches,

a first slot disposed between the first bridge circuit and
the first switch,

a second slot disposed between the first and second
switches, and

a third slot disposed between the second switch and the
second bridge circuit; and

a switch control circuit for controlling said first and
second switches such that said second switch operates
inverse to said first switch.

13. A computer comprising;:

a CPU;

d Proccssor bllS;

first and second bridge circuits coupled to said processor
bus;

a first I/O bus which i1s connected to said first bridge
circuit;

a second I/0 bus which 1s connected to said second bridge
circuit;

a first slot which 1s connected to said first I/O bus;

a second slot which 1s connected to said second I/O bus;
and

a third slot which i1s connected to one of said first and
second busses alternatively.
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